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Effect of engineered barriers on the leach rate of cesium
from spent PWR fuel
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Abstract

To identify the effect of engineered barriers on the leach rate of cesium from spent PWR fuel
under a synthetic granitic groundwater, the related leach tests with and without bentonite or metals
have been performed up to about 6 years. The leach rates were decreased as a function of leaching
time and then became a constant after a certain period. The period in a bare spent fuel was much
longer than that with bentonite or metal sheets. The cumulative fraction of cesium released from the
spent fuel with bentonite or with copper and stainless steel sheets was steadily increased, but the
fraction from bare fuel was rapidly and then sluggishly increased. However, the values deducted its
gap inventory from the cumulative fraction of cesium released from the bare fuel was almost very
close to the others. These suggest that the initial release of cesium from bare fuel might be
dependant on its gap inventory and the effect of engineered barriers on the long-term leach rate of
cesium would be insignificant but the rate with engineered barriers could be reduced in the initial
transient period due to their retardation effect. And the long-term leach rate of cesium from spent

fuel in a repository would be approached to a constant rate of 2 x 10” g/ i -day.

Key words : leach rate, spent fuel, cesium, bentonite, metal sheets, repository
2 o
wolAetegold S EE ASFAAR2RY Awd] FEB vIXE B By

QL FHEN7] gatad A ok 67 WEL|E EE BEAUF ) EA) ol me} 154

-329-



dJ. Kor. Rad. Waste Soc.

2]

e FHRAS. FEE2 Aol ARl wet AedrH e s ashe B HERS
o, ZRAZY] A R EE YA gl FHsE FEE YEIT dEYolE B
HEAHo] 3l S Algel FArEEEL AFH T IR, o8l e At 7
HEEL 543 371 S MA 8] FUse A%S B o] FHEEANA Hell EA3=
Age) A AT 32 T o] SRS B-v-el FAHAEEA A9 =3} o
& AREL AR FHAR F AF ZIFERES A T Aad Al &I AT, A
o B71MEEL TF Wl 79 JFE AR F5-& A F2 3ot Ty Al 27
FEEL T4 Yy AAEAER Fad F dg Aold. 2T ARG AN AT AR
T g A7IHEEL 2X10° g/m' -dayS AAYE 9 HellX 238 ge 7Hd Aol

)Y

TG AEE, A FUAR, A, BB, FEAH, ARF

Vol. 3(4 ). p.329-333, Dec. 2005.

1. Introduction

Many experimental results have been reported
for the dissolution behavior of spent fuel and
unirradiated UO, in water under various
conditions [1-6]. Most of the studies on the
dissolution of unirradiated UO, pellet with
bentonite have been carried out and only a few
experiments have been concerned with the
identification of dissolution mechanism of spent
nuclear fuel under repository conditions [7-10},
which is not well known with the lack of real data,
In KAER], the long-term leaching experiment of
spent PWR fuel has been carried out in synthetic
granitic groundwater since June of 1998. The
purpose of this experiment is to get the
information on the dissolution behavior of spent
fuel and the long-term leach rate of radionuclides
from the fuel under a repository condition in
order to support the development of radionuclide
release model from spent fuel in the near field
and to identify the release mechanism of
radionuclides, and finally to support the
performance assessment of our reference disposal
concept.

This paper covers the effect of waste package
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materials and bentonite block, which could be
considered as an engineered barrier, on the leach
rate of cesium from spent PWR fuel under
synthetic granitic groundwater and also the long-
term leach rate of cesium is estimated in this
paper as well, based on the empirical formula
derived from the leach rates experimentally

measured.
I . Experimental

1. Preparation of specimens

The rod of spent PWR fuel was cut to be about
3mm thickness with a diamond blade. The burn-
ups of the specimens were presumed to be
39,089 and 37,805 MWD/MTU for J44-HO8 and
J-44-A03 discharged from Kori-2 Nuclear Power
Plant, respectively, and their initial enrichment of
U-235 was 3.4869wt.%. Then all the specimens
were weighted and their dimensions measured.

2. Leach test

Domestic Ca-bentonite, which was compacted
to 1.4Mg/mr, was filled into the under-part of a
leach cell (43mm¢& x 33mm) except space to

hold a specimen, and one specimen was put in
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the space. Then, the under-part was bolted with
the upper-part in which only the compacted
bentonite was filled. The cell was put into 450ml
of synthetic granitic groundwater (Table 1} as
leachant in a bath (135mm@ x 180mm). The
stainless steel 3161 was used for the fabrication
of the cells and the baths. And stainless steel
filters with the pore size of 10.m were put at the
top and bottom sides of the cell in order to
prevent the release of the compacted bentonite
into the leachant by its swelling. The leachant was
purged with Ar-gas for over 15 minutes in order
to remove oxygen, and all baths were kept in an
Ar-filled box at a little higher pressure than that in
the hot cell. For the comparison of the effect of
bentonite on the leaching of spent fuel, some
specimens without bentonite were put into baths.
And two bare spent fuel fragments were loaded
into the baths with and without sheets of copper
and stainless steel. All the loaded specimens have
been emplaced in a hot cell for their leach test at
an ambient hot cell temperature (see Fig. 1).

3. Analysis

About 10ml of the leachate from each bath
was periodically sampled and the cesium activity
of this leachate was measured by using 7-
spectrometer (EG&G ORTEC ADCAM-100). The
copper and stainless steel sheets from the cell for
the specimen were taken out, settled into the 5M
HNO:3 solution for one day, and then the activity
of the solution has been measured. Some cells

with the bentonite blocks were dismantled after a

Table 1. Composition of synthetic granitic groundwater

Element K| S [Mg| Li | Ca| Zn | Mn

Concentration
(mg/L)

Element

0.75| 0.19| 058 } 0.09 | 105 | 0.08 | 0.01

HCO3| Cl | SOs | COs | Na Fe

Concentration

749 ({189 253 | 9.9 | 508 7.69 | 0.04
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certain period of their leaching and then the
blocks were dissolved by the addition of
concentrated HF, HNO3, HCI at around 80¢C
and their activities of cesium in the solutions were

measured.

1. Results and discussion

The leach rates of cesium from spent fuel
specimens up to 2124 days according to various
circumstances such as with metal sheets or
bentonite block or without any barriers are
illustrated in Figure 2. This figure shows that the
rates of cesium from the specimens were rapidly
decreased up to a certain periods and then

Figure 1. Photograph of leach cells and water baths in the
hot cell
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Figure 2. Leach rates of cesium as a function of leaching
time
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became a constant. Such results showed a very
similar tendency to Forsyth’ s result[11]. In the
presence of bentonite or metal sheets the
constant rate would reach at around 600 days
later, while in the bare spent fuel the time to
reach a constant would probably require for
over 1000 days. And at around 100 days the
leach rates with bentonite and metal sheets were
8.3x 10%g/m-day and 7.1 x 10?%g/m'-day,
respectively, but the rate from the bare fuel (1.7
% 10" g/ m-day) was about two times higher than
these values. This suggests that the initial leach
rate could be retarded by the engineered
barriers.

The cumulative fractions of cesium released
from the specimens up to around 2124 days
are shown in Figure 3. This figure shows that
the fraction of cesium released from the bare
fuel specimen was rapidly increased up to
around 600 days and then sluggishly
increased, while the fractions from the others
were steadily increased and these fractions
were very close each other. The fraction from
the bare fuel up to about 600 days was about
7.7x 10, which was close to the gap inventory
of cesium (6x10?)[10,12], and up to about
2124 days is about 9.5 10°, which was higher
than the results of Finn et al.[13,14] but lower
than that of Forsyth[15)]. The value deducted
its gap inventory from the cumulative fraction
of cesium released from the bare fuel was
almost the same as the fractions from the
others, 3.3 x10* for only metal sheets and 3.4
% 10? for bentonite up to 2092 days. This
suggests that the initial release of cesium from
bare spent fuel would be dependent on its gap
inventory, but the amount of the initial
transient release could be reduced due to the

presence of bentonite or waste package
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Fig. 3. Cumulative fractions of cesium released by
leaching up to 2124days
materials. This may be due to the formation of
alteration products that could incorporate
cesium[16] or to the reduction of uranium
solubility by oxygen scavenging effect of some
materials.

From the measured values the empirical
formulas of the leach rates of cesium are derived
as the following :

For bare spent fuel :

Ro = 1.81x10% + 1.82 x10" Exp[-2.38 x 10°*{]  (1)and

For spent fuel in contact with bentonite blocks :

Rb = 1.74x10% + 140 x 10" Exp[-809 x10° *{] (2),and

For spent fuel with metal sheets :
Rm = 1.63 x10% + 121 x10" Exp[-857x 10°* - (3),

where Ro, Rb and Rm are the leach rates, as
a/rnd-day, and t is the leaching time, as days.
These equations indicate that the long-term
leach rate from the spent fuel specimen would
be almost approached to around 2 x10? g/ ni-
day. Even though these values were over three
times higher than the range of Forsyth’s
resulis[11], our results suggest that the effect of
engineered barriers on the long-term leach rate
of cesium from spent PWR fuel would be
insignificant, but the leach rates in the initial
transient period could be retarded by these

materials.
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V. Conclusions

To identify the effect of engineered barriers on
the leach rate of cesium from spent PWR fuel
under a repository condition, the related leach
tests have been performed up to about 6 years.

The experimental results indicate that the effect
of copper, stainless steel and bentonite on the
long-term leach rate of cesium from spent fuel in
a repository would be insignificant and that the
initial transient leach rate could be retarded by
engineered batriers. And the results also suggest
that the initial release of cesium from a bare fuel
might be dependent on its gap inventory.

The empirical formulas suggest that the long-
term leach rate of cesium from spent PWR fuel in
a repository would be below 2 x 10° g/ ni-day.
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